
GPI: things that worked

• Dedicated, effective team has been 
crucial to GPI productivity (in both 
commissioning and campaign)
– Strong collaboration with 

observatory
• Well-constructed and validated data 

pipeline 
• High-quality optics and stable 

structure
• Efficient top-level software
• Extensive archiving of data and 

metadata 
• Flexible interfaces and scripting
• MEMS deformable mirror



GPI: things that could be improved

• Lack of EMCCD hurts faint-star performance (I=10 mag)
• Environmental testing is often too optimistic 

– Therefore, computation times / frame rate are critical
• Should have included a ND filter!
• Idealized picture of observatory software differs from reality

– Software development stalls at ‘good enough’
– GPI queue utilization limited 



GPI performance



Strongest contrast predictor: tau0



t0 = r0/v_wind much worse than predicted
Bad conditions dominated by jet stream – Madurowicz et al 2018



Dome seeing also degrades performance
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The Gemini Planet Imager (GPI) is a near-infrared instrument that uses Adaptive Optics 
(AO) to achieve very high contrast images. GPI is capable of imaging and characterizing self-
luminous, gas giant exoplanets at separations beyond 5 AU. Thirty three months of GPIES 
campaign observations taken simultaneously with environmental data reveals information 
about the turbulence in the telescope environment as well as limitations of GPI’s AO 
system. We compare image contrast with temperature measurements from multiple locations 
inside and outside the dome and discuss the instrument’s response. Our analysis revealed a 
correlation between image quality and the presence of temperature gradients in the 
instrument’s surroundings. We assess the impact of the current temperature control and 
ventilation strategy at Gemini South (GS).    

Summary:
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Fig 3: (Left) Histogram of the temperature difference at night between the primary, dome, and 
outside air. (Right) Temperature of the primary, dome, AO bench, and outside air vs. number 
of hours since sunset. Bold lines represent the median temperature, soft lines represent 
individual nights. The Primary is constantly 2 C° warmer than the outside air due to its 
large thermal inertia. GPI’s temperature is also coupled with the primary. 

‣ ~130K temperature 
measurements from 6 
temperature sensors.
‣ The temperatures at GS span 48 

months and are recorded every 5 
minutes, night & day.

Results: WFE proves that source of turbulence is 
mirror seeing

Fig 5: Image contrast vs. temperature difference of the primary and outside air during 
ideal conditions for GPI. (Left) is raw contrast while (right) is final contrast. Blue line 
indicates the model predicted by contrast ∝ Δ!" 2. On nights when the temperature of 
the mirror diverged by more than 1 C° from the outside air temperature, raw 
contrast degraded ~x times. Final contrasts behave similarly. 

Fig 4: Residual WFE vs. absolute 
temperature difference of the primary and 
outside air during ideal conditions for GPI. 
Red line indicates the expected trend line 
as predicted by WFE ∝ Δ!". 

Results: Temperature defines the floor of contrast 

‣ Contrast is the planet to star ratio corresponding to 
5 sigma, where sigma is the std of the noise floor at 
3 different separations.

‣We analyze ~25K raw images & ~500 final images, 
which are 20-40 raw frames. 
‣ AO bench temperature, seeing, and an approximate 

measure of the average residual wavefront error (WFE) 
is also saved with each frame. 

• Ability to detect planets is critically dependent upon temperature of the primary.
• Constrain the maximum temperature difference between the primary and outside air.
• More tests needed to rule out internal turbulence sources inside of GPI.
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Conclusions & Further work:

GPIES Campaign Data:

GS Temperature Data:

Fig 1: A single raw GPI image.

Fig 2: Schematic of GS. Arrows mark the location of sensors. 

‣ WFE does not probe anything 
downstream of the AO system.

‣ To highlight temperature effects, we  
select datasets observed in conditions 
where GPI should work best (I-band 
magnitude < 7 & turbulence timescale 
(#0 ) > 1.5 ms ).

‣ (Racine 1992) predicted and tested 
the hypothesis that FWHM of mirror 
seeing behaved as $5/3 = % * Δ!" 2. 

‣We predict WFE ∝ Δ!". 
‣ We fit a line to the points and measure 

slope = 7.3 nm/C° & y-int = 82.8 nm. 
‣ We get an r2 value = .14, indicating 

the presence of mirror seeing.

‣ Contrast is the metric we ultimately care about for imaging planets.
‣ Since contrast ∝ WFE2 , we predict that contrast ∝ Δ!" 2.

‣ We fit the polynomial y = ax2 + bx + c to the scattered points and measure…..

y = 7.3x + 82.8 
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Integrated contrast model

Tau0
R2=0.27

Delta-T
R2=0.38

Total R0
R2=0.39

Airmass
R2=0.53

H mag
R2=0.68



GPI Relocation
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GPI 2 science development

Developing science cases relevant to 2020-2025
1. Emphasize GPIs strengths: reliable, efficient operation 
2. Quantify science requirements -> practical design
3. Complement Subaru and Keck capabilities 

Science Cases WFS I mag limit Inner working 
angle

Contrast 
Improvement

Large Scale Survey / Cold-start 
planets 10 0.15 2+ mag

Very young stars + transitional disks 13 (or IR WFS) 0.1" 0
Spectropolarimetry 7 0.15" 1% polarimetry

Low-mass Stars 13 0.1" 0

Asteroids & Solar System Objects 14 - 0

Debris Disks 9 0.2" 0

Planet Variability & abundance 
characterization 6 0.2”

1% photometry, 
high-res 

spectroscopy feed



“Cold start” planets

GQ Lup B

2M1207 b

b Pic b

HR8799b

GJ504 b
51 Eri b

Solid – ‘cold start’ core accretion
Dashed – ‘hot start’ rapid collapse



Detecting cold-start planets



Younger planets: Taurus
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High spectral resolution mode
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• High spectral 
resolution could 
determine 
rotational velocity 
(Snellen et al 2014) 
and abundances 
(Konopacky et al 
2013)

• Fiber-feed off-
bench 
spectrograph

• Optimal resolution 
unclear

OSIRIS spectra of HR8799c (Konpacky et al 2013)



Variability, clouds, rotation

• Rotating planets 
could be variable 
at the 1% level

• Combined with 
high spectral 
resolution could 
map out cloud 
structure

• Are there enough 
photons?

Luhman 16B (Crossfield et al)



Risks: Gemini North M1 printthrough



GPI 2: Chilcot et al 2018 Proc. SPIE

Build on GPI and 
observatory’s strengths –
reliability, data pipeline, 
survey and monitoring 
capability
AO: pyramid sensor + 2 kHz + 
predicive control?

– I=13 mag limit 
– 2-4x better contrast close to star

• IFS
– One-shot JHK R~15 mode
– SpecPol mode

• Highres spec mode
– Fiber-fed R=4,000 or 70,000?

• Coronagraph
– High-throughput broadband 

mode for surveys and variability
– Small IWA mode for distant 

targets
– Mask M2 bumps?

• Calibration
– Modulated ref spots
– Fast IR APD camera for imaging 

and focal-plane WFS (self-
coherent, Gerard et al 2018)

– Precorrect for M2 bump aliasing 


